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FOREWORD

This Final Technical Report for the Battery Charger PP-7286 ( )/U was prepared
by RCA Automated Systems , Burlington , Massachusetts , under U .S. Army
Electronics Command Contract No. DAABO7-74—C-0270 , Project No. 1E7
6472 3 DL 71 03 01.

This report covers the effort of the RCA technical and manufacturing staff of
the Government Systems Division , Au tomated Systems plant in Burlington ,
Massachusetts with consulting support relative to materials and processes
from the RCA Central Engineering activity in Camden , New Jersey.
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SECTION 1

INT R ODUCTION

1.1 SCOPE O F REPORT

This document summarizes the technical content of the program to design ,

develop , fabrica te and test engineering developmen t models of Battery Charger

PP-7286( )/U . The Battery Charger was developed under USAECOM contract

DAAB—07-14—C-0270 , Modif icatiOn P00023 , to support the AN/GVS— 5 , wh ich

is powered by a rechargeable nickel cadmium battery, type BB-5 16( )/U , and

other Army equipment using generically similar batteries. The technical

cha racteristics are described in ECOM Development Spec ification Number
EL—CP2 128—0 001A .

1.2 SUMMA RY DE~ CRIPT1ON OF EQUIPMENT

The hardware developed consisted of the Battery Charger unit PP—7286( )/U

and its transit case , CY— 7670( )/U .

1.2. 1 Battery Charger

The ba ttery charger operates from prime power of 115 or 230 V (± 10%) 47 to

63 H z ac , single phase. It provides five independentl y adjustable charging cir-

cuits , each capabl e of being set to charge at constant current rates from 15
through 700 milliamperes inclusive. A multiple scale meter can be switched to
measure current in each of the five channels. The circuit s provide constant
current into any load from zero volts (short circuit) to 36 volts . A digital t imer

com mon to all circuits can be set in tenths of an hour increments from 0.1 to

19.9 hours. Ti me remaining in the charging cycle is display ed by an incan-

descent , seven segment , 3 digit display. An in terna l primary battery provides

nonvolatile memory for the charger in the event of power interrup tion. A sixth

position on the meter switch allows the voltage of this battery to be measured .

Five battery holders for BB-516 or smaller batteries are provided on the

ba ttery charger front panel. Each channel output also appears at a pair of
binding posts on the panel to permit connection to external batteries. All
charging channels are fused to protect against battery reversal or other over-
load conditions.
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The battery charger is slightly less than one cubic foot in volume; it weighs
about 35 lbs. , is louvered for natural convection cooling , and fi ts into a transit
case which is provided for transport~~ion a nd storage.

1.2. 2 Tra nsit Case

The transit case protects the battery charger against vibration , shock and
immersion which may be encountered during transportation , handlin g and
storage. Its outer shell is molded fiberglass on which is installed the necessary
hard war e—la tches , gaskets , humid ity indica tor and pressure relief valve. An
internal foam cushion supports the battery charger. Figu re 1-1 shows the *

battery charger installed in its transit ease.

1.3 RELATED DOCUMENTS

1.3.1 Design Pla n

The planned design of the battery charger was described and analytically sub—
• stantiated in the Design Plan , Contract Document HO0l (P/O CLI N 0013):

“AN/GVS-5( ) Preliminary Design and Visualization Data Design Plan , Volume
V , Battery Charger ” .

1.3.2 Development Specification

The technical requirements were detailed in “Elec tronics Command Develop-
men t Specification EL—CP2 128—0001A , 21 May 1975 , Charger , Battery PP—
7286( ) /IJ”. A modifica tion to this specification to more accurately represent
the hardware is in process.

1.3.3 Ma nufacturing Drawings and Specifications

The Battery Charger is defined by a dr~~ving set under drawing C L-SM-B-
889033 Set Assembly, Battery Cha rger . A Ci specification has been prepa red
and is being coordina ted at ECOM.
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SECT ION 2

DESIGN IMPLEMENTATION

2. 1 OPERATIONA L FEATURES

The Ba ttery Charger packaging and the layout , posi tioning and grouping of
controls and displays conform generally to tne con figuration suggested in the
development specification. Figure 2- 1 shc vs the front panel configuration .

2. 1. 1 Front Panel Controls and Display~

The fu nctions common to all charging channels are grouped in the upper th ird
of the front panel. At the left are the main power circuit breaker toggle switch
and green power on pilot light .

The timing controls and displays comprise the time rem aining display, battery
charging time setting switches and the start time pushbutt on . The display con-
sists of three seven—segment incandescent numerical indicators , wi th decimal
poi nt engraved on the covering window. It displays hours and tenths of hours
up to 19.9. Left hand digits are hlaaked when not required. The time setting
switches are the thumbwheel type . The start time switch is a momentary
pushbutton which actuates a latching relay .

The di rect metering circuit controls are the six position rotary selector switch
and the memory battery test momentary switch. The rotary switch connects
the meter to any of the five individual charging channels to allow monitoring or
setting of the channel current . In the sixt h position it connects the meter to

• the memory battery test circuit. In this position , actuation of the memory
• battery test switch displays the battery voltage , under test load conditions , on

the panel meter. The panel meter is a long scale (250°) 2 1/2 inch instrument
with three scale ranges , 0— 50 mA , 0—200 mA and 0— 1000 mA full scale,
although the 0— 1000 scale is only numbered to 700 mA , the maximum specified
charging current. The scale to be used is selected by the charging current
mul tiplier for each channel (see below).

4
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The f unctions unique to the individual charging channels are in five identical
columns in the lower two third s of the panel. The uppe r section carries the
battery holder , with top contact adjustable for batteries or cells between one
fou rth inch and four inches in height. Directly below the lower battery holder
(negative) contact are the current adjustment controls for that channel. These
consist of a three position locking toggle switch for selecti ng the current range ,
15—50 mA , 50—200 mA , or 200-700 mA , and associated potentiometer for
setting current at any point withi n the selected range. The potentiometers are
the slotted shaft type for screwdriver adjustment with slotted collet and lock
nut. Directly below the controls are a positive (red) and negative (black)
binding post for connection to batteries which do not fit the battery holde rs.
The battery holders and binding posts are diode isolated for protection against
parallel connection of batteries.

2. 1.2 Rear Panel Contr ols

Recessed into the back panel of the battery charger are eight fuse holders and
a locking two—position toggle switch (See Figure 2-2). Five 1—ampere fuse s
are provided for the five charging channel output circuits. The sixth one ampere
fuse protect s the 10 volt logic elements from overvoltage and the 10 volt supply
from overload . Two spare fuses are also provided. The locking toggle switch
selects either 115 or 230 volt input power.

2. 1.3 Other Operator Features

A spring loaded carrying handle is recessed into the top surface of the battery
charger. Between the par allel skids on the charger bottom surface is a bracket
to permit coiling of the power input cable which is permanently connected to the
charger.

2. 1.4 Current Adjustment

The Battery Charger is designed to provide essentially constant current into
any load from a short circuit to full compliance voltage. Initial current adjust-
ment can therefore be mad e by short circuiting the output binding posts prior to
connection of the battery to the binding posts. The desired channel is selected
with the meter selector switch , and the appropriate range is set by the channel
range switch. The timer is set to 0. 1 hr. or greater and the start time switch
actuated , thus energizing the charging channels. The current adjustment
potentiometer is adjusted to the desired current reading, using the meter scale
corresponding to the selected current range. The short circuit is then removed
and the battery connected.

6
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If a battery is installed in a battery holder the corresponding binding posts may
be short circuited for adjustment without removing the battery. The short
must be removed for charging however.

2. 1.5 I~~!~A
After the desired current is set for all channels to be used , the time set switch
is used to select the desired charging time and the start time switch is again
actuated to input the selected time and to initiate the charging cycle.

2. 2 MECHANICA L DESIGN AND PA CKAG ING

2. 2 .1 Configuration

The Battery Charger configuration is shown in Figure 2-3. Basically the
Battery Charger comprises four major subassemblies:

(1) Chassis Assembly
(2) Cover Assembly
(3) Battery Holder Assembly
(4) Printed Wiring Board Basket Assembly

The basic element of the Chassis Assembly is a one-piece structure . The
front surface of thi s structure forms the front panel of the Battery Charger;
the rear surface , the back panel of Battery Charger. The Battery Holder
Assemblies are mounted to the front panel , the Printed Wiring Board Basket
Assembly is mounted to one side of the structure. All other components of the
Battery Charger are mounted to the structure. Some of the more major com-

ponents are the filter capacitor , the transformer , the resistor heat sink assembly,
and the filter assembly. The Cover Assembly is attached , by screws, to the
top and sides of the stru cture to complete the assembly. Obviously , accessi-
bili ty for maintenance is provided by removal of the cover. In addition , there
is a safety interlock switch which interrupts power to the Battery Charger upon
removal of the cover.

Skids are provided at the bottom of the structure. Between the skids are
provided a storage space and a storage bracket for the input power 

cable.8
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2 .2 .2 Chassis Assembly

The basic chassis , shown in Figu re 2—4 , is a bra zed , one--piece , frame struc—
tur e whose front and back plates become the front and back panels of the
Battery Charger. The structure is fabricated from 6061 aluminum alloy,
predominantly 0. 090 inches thick. Exceptions are the transformer mounting
beams which are 0. 125 inches thi ck , and the perforated plate at the bottom
which is 5052 alumin um alloy 0. 04 inches thick.

The chassis sides and top are open , as shown , in orde r to facilitate assembly,
maintenance , and repair of the battery charger . The chassis base is closed
by a perforated metal plat e which has approximately 407c open area . The per-
forated plate promotes free convection cooling of the electronics. An in dite
finish is used for corrosion protection and to provide an electrically conductive
interface to the cover. Floating nut-plates are riveted to the structur e and
become the fastening mechanism for the cover.

2 .2 .2 . 1 Front Panel

The layout of the front panel is shown in Figure 2-3 (sheet 1). Human engineer-
ing specification requirements were of prime importance in the front panel
design . Each of the five (5) battery charging channels is separated as a di s-
tinct channel laid out in a vertical column. Directly beneath each battery
holder are the coarse and fine current range and adjustment controls for that
channel as well as the binding posts used for external charging. The front
panel is recessed to protect the battery holders. Other front panel components
include :

(1) Power-On Indicator Light
(2) Five Adjustable Battery Holders
(3) Circuit Breaker - Power Switch
(4) Current Meter
(5) Five Curren t Range Set Switches
(6) Five Current Adjust Pots
(7) Set-Time Switch
(8) Start Charging/Time Pushbutton Switch
(9) Battery Channel Select Switch

(10) Five Sets of Banan a Jack Type Binding Posts
(11) Memory Battery Test Switch
(12) Digital Display - Remaining Charge Time

13 



The fron t panel is silk screened to identif y the function and polarity of all of
the components mounted on the panel. Current-carrying contacts on the front
panel (battery holder assemblies) have been insulated for operator protection .

2. 2 .2 . 2 Rear Panel

The rear panel layout is shown in Figure 2—3 (sheet 2). This panel has two
recessed wells: one contains the fuseholders ; and the second , contains the
115/230 volt input voltage selector switch. Mounted to the inside surface of
the rear pane! is a resistor mounting p late assembly, the capacitor discharge
resistor , and the power supp ly filter capacitor.

2. 2. 3 Battery Holder Asse~~b~y

The battery holder assembly is shown in Figure 2—5. The holder is designed
to retain and make connection to the BB—5 16( )/U sealed nickel cadmium
battery used in the Laser Rangefinder MX—9838( )/GVS—5. The battery holder
is adjustable from 0. 25 inches to 4. 00 inches to permi t charging of other 6 , 12 ,
or 24 volt sealed nicke L cadmium batteries. This adjustment is accomplished
by loosening the knurled screw in the positive contact insulator assembly and
positioning the contact on the battery holder. To protect the operator from the
potential hazard of shock during operation , the battery holder assembly is
electrically insulated with plastic used over all exterior surfaces. The label
provided on each battery holder assembly to record start—charge time or other
pertinent data can be erased to upd ate the information.

The battery holder contacts are fabricated of brass and are nickel plated for
wear and corrosion protection .

2. 2. 4 Printed Wiring Board Basket Assembly

The printed wiring board basket assembly is shown in Figure 2—6 . This
assembly is fab ricated from 0. 063 inch thick 5052 aluminum alloy . The
printed wiring boards contained in the basket include:

(1) Five Charging Modules 
- —

(2) Power Supply Printed Wiring Board
(3) Timing Ci rcuit Printed Wiring Board

The five charging modules and power supply board plug into 23.-pin ELCO con-
nectors. These connectors are keyed to prevent insertion of a board into the
wrong slot. The ti ming electronics printed wiring board , larger in size than
the other boards , has a 41—pin E LCO connector.
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The boards are held in place with a cover to prevent accidental board disengage-
ment. The card basket is mounted to the side of the battery charger . See
Figure 2—3 (sheet 2). Access to the boards is obtained by removing the battery
charger cover assembly. Thi s open s the power interlock switch to protect the
operator from electrical shock. The card basket cover may then be removed
permitting removal of the desired board.

2. 2. 5 Printed Wiring Board Design

I - The battery charger etched wiring boards are fabricated from single—sided
copper G— 10 glass epoxy. The timing boar d is 4 inches high and 8 inches long.
The remaining boards are 4 inches high and 4. 75 inches long. Aluminum
L—shap ed stiffeners are riveted to the top of the board for structural strength
and to facilitat e board removal. The larger board components are mechanically
secur ed to the boards by wire , screws , or adhesive staking material as appli-
cable. The boards are also conformally coated with a urethane material for
moi sture and salt fog protection .

2. 2. 6 Cover Assembly

The cover assembly is shown in Figure 2—7. It is U-shaped and , when
assembled to the chassis , forms the outer sides and top of the Battery Charger.
The cover assembly has louvred sides to promote natural convection , and has
a recessed carrying handle at the top.

2. 3  CIRCUIT DESCRIPTION

The electronics of the battery charger consists of the Prime Power Supply and
its controls , the Timing Circui t and its controls , the Charging Circuits and
controls (five identical circuits), and the Metering Circuit and controls . The
overall schematic ari d electrical block diagram are shown in Figures 2— 8 and
2- 9.

2. 3. 1 Pri me Power Supply and Controls

The battery charger operates from either 115 VAC ±10% or 230 VAC ±10%, 47
to 63 Hz , single phase power sources. This prime power enters through a
captive power cable terminated in a plug (UP-221 M) with a separate ground lead
connected to the charger chassis. (An adapter plug or cable, not supplied , is
required for 230 volt operation. ) A 10 amp circuit breaker/power switch (CB1)
interru pts both sides of the ac line. It also has a third switch section to inter-
rupt the interna l memory circuit battery0 The breaker is followed by an
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interlock (S6) to interrupt the ac power when the cover is removed from the
charger . Each side of the entering line is bypassed to the chassis by an EMI
filter network (FL1 and FL2).

The dc power for all functions is derived from a single power transformer
(Ti). The tran sformer has two primary windings which are parallel connected
for 115 volt operation and series connected for 230 volt operation . The switch-
ing function for selecting series or parallel connection is performed by a double
pole/double throw locking toggle switch (Si) recessed in the rear panel of the
unit. The green POWER ON pilot light is a 28 volt incandescent bulb (DS1)
energized by a tap on one of the Ti primary windings. This approach is used
to combine adequate illumination with reliahie bulb li fe and low power
consumption.

Two secondary windings develop the dc voltages used in the charger. The
output of a 17 volt RMS winding is rectified by a full wave bridge consisting
of four discrete diodes (Au — CR2 through CR5) with a 390 mf. capacitor input
filter (All — Cl) . An LM iO9K series regulator (All — Ui) supplies a regulated
10 volt output to the Timing Circuit and through contacts of t iming control relay
(KI) to the reference amplifiers for the Charging Circuits.

Potentiometer (All — R2) is used to set the 10 volt output level of All — Ui.
A 12 volt 5 watt zener diod e (CR1) and a 1 amp fuse (Fl) protect the Timing
Circuit components from overvoltage which might result in the even t of All — UI
fai lure. Test points , protected by 10 K series resistors , are provided for the
rectifier output and the 10 volt output. Steady state output from this supply is
0. 4 amp maximum,

The other secondary winding (50 volts RMS) supplies the battery charging
current to the five Char ging Circuits , using a bridge rectifier assembly
(All - BR1), and a 4100 mf. capacitor fi lter (Ci). The DC output at nominal
line voltage and maximum load is approximately 62 volts. A test point is pro-
vided for measuring this voltage.

2. 3. 2 Ti ming Circui t

The function of the timing circuit (Al2) is to control the charging time of the
batteries connected to the charger . In order to provide accurate timing inde-
pendent of line frequency , the timer is designed as a digital “down ” counter
with an RC oscillator generating the clock frequency. A thumbwheel switch
assembly (S3) on the fr ont control panel of the charger is used to set the
charging time. When the power on/off circuit breaker is turned on , the
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power on reset for med by A12 — Cl and R20 causes the output of U8F to go high
for a minimum of five milliseconds which turns on All — Ql and ensures that
All — Kl starts off in the reset state. It also causes the cutput of U8A to go
low for the same amount of time and ensures that the R—S flip-flop formed by
U9C and U9D is in the reset state.

Timing is initiated by pushbutton switch (S2). The R—S flip—flop formed by
IJ9A and U9B changes state during the time that S2 is depressed , whi ch:

(1) resets counters UlO and Ull;

(2) presets the number from S3 into “~own ” counters U4 , U5 , and U6;

(3) triggers the one— shot formed by U12A , U12B , C8 , and Ri9 which
turn s on All - Q2 and latches All - Ki; and

(4) causes the R—S fli p-flop formed by U9C and U9D to change state which
enables display drivers Ui , U2 , and U3 and allows the n umber from
S3 to be disp layed on A13-.DS1 and also enables the 372. 827 kHz
oscill ator formed by U7A , U7D , C6 , R32 , R33 , and R34 (frequency
adjust pot).

Flip—flops U13A and U13D blank Ui and Al3 - DS1A whenever the output of U4
is a BCD zero. Flip-flops U13B, U14A , U14B , U14C , and U14D blank U2 and
Al3 - DS1B whenever the outputs of both U4 and US are BCD zeroes.

Flip—f lops UlO and Vii combine to form a divide by 227 counter so that the
output of Vii is a positive 50% duty cycle pulse every six minutes. This pulse
is the clock for U4 , U5 , and U6. When U4 , U5 , and U6 all count to zero ,
U4— 7 goes low which:

(1) resets the R—S flip—flop of U9C and U9D which disables Ui , U2 , and
U3 , turns off A13 — DS1 and disables the oscillator; and

(2) triggers the one—shot formed by U12C , U13C , C7 , and R 18 which
turns on All — Qi and resets All — Ki .

All the logic in the timing circuit operates from ten volts , through CR2. Resis-
tors R35 through R50 limit the current to A13 — DSI which is a five volt device.
Resistors R2 through R17 keep five milliamps flowing through each of the
filaments of A13 — DS1, from the ten volt supply through CR3. This “idling ”
current Increases the filament resistance by warming up the filaments , to
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avoid large inrush currents that might otherwise damage the display drivers
when the display is turned on. If main power is interrupted , the logic of the
timing circui t obtains power from the internal primary battery (Bl) through
Al2 — CR1. Power to resistor R2 through R17 is removed since thi s would
create a large drain on Bi. At the time power is interrupted , U7C—lO goes
high and U8B-4 goes low. This blanks the display drivers and disables the
oscillator . When main power returns, the display drivers are enabled , the
di splay il luminates and the oscillator turn s on. Since power remained on the
logic during the power interruption , the timing circui t resumes where it left
off before the interruption occurred.

2. 3. 3 Charging Circui t

The fun ction of the charging circui t and controls is to select and supply con-
stant charging current to the batteries being charged. There are five of these
circuits , each one capable of charging one battery.

The circuit utilizes a switching regulator with a variable output voltage.
Potentiometers R5 through R9 control the voltage across a series sensing
resistor network. Switches S7 through Sli select the sensing resistance in
series with the batteries.

At the start of operation when All — Kl is latched , 10 volts is applied to the
switching circuit. The 10 volts has three functions:

(1) it develops 1.5 volts reference at Q3—2 which turns on one side of Q3;

(2) it supplies keep—alive current to zener diode CR4 for Q2 emitter
bias; and

(3) it supp lies base current to Q2 through Ri , turning on Q2 and QI.

The output voltage rises unti l the voltage at the arm of the potentiometer
(R5 through R9) is about 1. 5 volts. At this time the other side of Q3 turn s on
which turns off Q2 and Qi . CR4 provides emitter bias to ensure that Q2 can
be turned off. Feedback components C3 and RIO give the circui t sufficient
hysteresis to prevent oscillation . Storage capacitors C2 and C4 discharge
through R6 when the circuit turn s off or when the output is opened. Diode
CR2 prevents the battery from discharging through the switching circuit.
Fuses Fl through F5 and CR3 protect the switching circuits against battery
polarity reversal. Resistors R20 through R24 (on e per circuit) protect Qi by
limiting capacitor in—rush current when the circui t is first turned on or when
the output is opened.

34

- - -----5- --•- -- -._ —--.-- .- ----- .._ I---- - ------ - . - —--_-—  --- — - - ------ --



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -

Two test potnts arc supplied (through 10K series resistors) to test input voltage
and 10 volts to each charging circuit. A test point is also supp lied to check
circuit grounds.

2.3. 4 Meter Circuit

The meter circuit monitors the current from the charging circuit to whi ch it is
connected by 84 and 85. Th~ combination of Ml with R 12 , RU , and Ri acts as
a vol tmeter to measure the voltage across the sensing resistors of the selected
charging circuit. Thi s voltage is an analog of the output current . For each of
the three positions of S7 through Sli , the operator read s the corresponding
scale on the meter . The three meter scales are: 0— 50 milliamp , 0—200 mi l l i—
amp, and 0—700 milliamps. The maximum required output current is 700
milliamperes , so the thi rd meter scale is only enumerated to 700 , although
full scale deflection is 1000 milliamperes.

Resistor RIO is switched to shunt a portion of the meter multip lier in this
position . The resistor value is chosen so that 70% deflection is equivalent to
the full specified output current of the charging circuit (700 mA).

R12 is a 5000Q adjustable resistor to compensate for meter resistance and full
scale accuracy variations. It is initially adjusted to provide full scale indication
of 50. 0 mA on one of the charging channels when the channel output is adjusted
to 50. 0 mA.

The battery test switch (S5) switches the internal battery (Bi) to a 56O~ load
and to the meter , through Ri and R2. The value of R2 is selected so that if the
meter read s in the unmarked secti on (above 700) of the scale , the internal
battery condition is acceptable , If the reading is below 700 , the battery should
he replaced.

2 3. 5 Modification s from the Design Plan

Several minor changes from the circuits analyzed and presented in the Design
Plan were inco rporated in the final design discussed herein. The design analysis
has been modifi ed to reflect any sign i fi cant effects of the changes.

2 . 3. 5. 1 Powe r Transformer

The low vol tage secondary winding was changed from 17 volts fu l l  load to 15
vol ts no load , with regulation of 15% no load to full Load .
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The higher voltage secondary winding specification was changed from 47 volts
full load with 5% regulation to 50 volts no load and 10% regulation.

2. 3. 5. 2 Bleeder Resistor

A 1000 ohm bleeder resistor was added across the output of the charging d-c
supply for ci rcui t protection and safety. Under normal full load conditions ,
the bleeder increases the dissipation of the Battery Charger by four watts ,
which has negligible effect on temperature rise.

2. 3. 5. 3 Meter Switching

The sixth position of the meter selector switch was added to simplify checking
the condition of the memory circuit primary battery and to eliminate metering
circuit interaction . It also permits use of a simple single pole momentary
switch for battery test.

2. 3. 5. 4 Meter Multiplier Adjustment

A 5000~2 precision trim rheostat was added in series with the panel meter and
the value of the fixed series resistor was reduced f rom 13, 700 to 9310 ohms.
The circuit will thus accommod ate meters having resistances from 1700 ohms
to 6600 ohms. This allows multiple sourcing of meter and provides the advan-
tage of trimming out production tolerances of meters and multi plie r resistors.

2 . 3. 5. 5 Decoupling Capacitor

A 1. 5 ~ f capacitor was added at the input to the switching regulator on each
charging module to reduce interaction between charging modules.

2. 3. 5. 6 Vol tage Li miter

A zener diode and series resistor were added from the output capacitor to the
input to control transistor , Q3A , on each charging channel. The zener diod e
conducts on ly under a no—load condition to limi t the open circuit output voltage
to less than 60 volts , for operator safety.

2 . 4 BATTERY CHARGER CIRCUIT AN A LYSIS

All battery charger circuits were analyzed for effects of tolerance variations
due to initial values , temperature and aging. Part ratings were determined
for worst case conditions of input line voltage 20% above the specified high line ,
full load , short circui t and open circuit on all charging channels , and for turn—
on and turn—off transient conditions. Cert ai n of the critical analyses are
reported below. (Refe r to Electrical Schematic Diagram Figure 2—8. )
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v.4.1 Power Supply

2.4.1.1 Transformer Ti AC Inputs

The charger must operate from a nominal 115/230 vac, ±10% sing le phase
source , 50 or 60 Hz, ±5%.

(1) 115 vac +10% = 126.5 volts rms = 179 volts peak
(2) 115 vac —i o ç~ = 103.5 volts rms 146 volts peak

(3) 230 vac +1O~ = 253 volts rms = 358 volts peak

(4) 230 vac -l0~ = 207 volts rms = 293 volts peak
(5) 50 Hz —5% = 47.5 Hz
(6) 60 Hz +5c7 = 63 Hz

2.4.1.2 Transformer Ti AC Outputs (No Loadi

(1) 15 vac +3~ = 15.5 volts rms = 22 volts peak
(2) 15 vac -3~ 14,5 volts rms 20.5 volts peak
(3) 50 vac ÷3~ = 51.5 volts rms = 73 volts peak
(4) 50 vac -3~ = 48.5 volts rms = 69 vol ts peak

2 .4. 1.3 Overvoltage Tes t Condition

MIL-STD-12M1 , para . 5.6 . ~~ requires that the input to the equipment be capable
of ope rating for a duration of 5 minutes with the input line voltage ra ised an
additional 20% above the expected hig h line voltage . (Test to be performed
at ambient , only , per para. 5.3.1 of MIL-STD- 1281.)

(1) 115 vac High Line +20% = (126. 5) (1.2) = 152 volts rms
= 215 volts peak

(2) 230 vac High Line +20% = (253) (1.2) = 304 volts rms
= 429 vol ts pea k

Full Load

50 vac High Line -~-20% = 62 volts rms = 87 volts peak

(Regulation, no load to full load , 10% offsets 10% high line)

Dissipation of the 1000 ohm bleeder resistor, R13, is 7.6 watts under th is
condition. This resistor is type RER65F1001M , rated at 10 watts .
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Full Load

15 vac High Line +20% = 18 volts rms = 25 volts peak

Pilot Light High Output ÷20% = (25) (1. 36) = 34 vac rms

Th is lamp is designed to operate at 28 volts. A five minute overvoltage
of 20% will have negligeable influence on the life of the lamp.

The peak voltage appearing at the output of the low voltage full wave bridge w ill

be 25 volts less two diod e drops = 25 - 1.2 24 volts. The rated reverse

working voltage of the iN 5550 is 200 volts. Rated peak surge current is 100

amps. Assuming a high line voltage at 63 Hz , the diode bridge will see a maxi-

mum surge current due to the initial charging of capacitor Cl (390 HF) .

Cl is a M39018/0l-0730 Hated DC Voltage 30 volts @ 85°C
Hated DC Surge Voltage = 40 volts 

~ 
85°C

Purchase Tolerance — 10, +75%

C = (1.75) (390) = 680 ~zF
max

dv -6 24v
i = C~~ = 680 x 10 x 4.12 amps

3. 96 x 10

Both surge current through the bridge and the surge vol tage (24 volts) on the
capaci tor are well within the acceptable limits on the components.

2.4.2 Switch~~g Regulator Reference Voltage Analys is

The reference voltage for the switching regulator is developed by monol ith ic
vol tage regulator , (LM1O 9K) . Thi s device is normally ut il ized to prov ide a TTL
Logic Level voltage of 5 vdc, but in this application, the dev ice is floated and a

10 vdc level is developed. The output level is adjusted by potentiometer

R2 (500~l).

The LM1O 9K has an absolu te maximum input voltage level rating of 35 volts. S

Previously determined maximum input voltage level was found to be 24 volts
under full load , 29 volts no load . Recommend ed operating input voltage range
is 7 volts to 25 volts, Nomina l input voltage will be 20 vdc.

Minimum rated start—up voltage of the LM1O9K is 9 volts. The minimum input

level supplied to the device will be 17.6 — 1.6 = 16 volts.
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R2 500 c) RTH 12 DY5O1 M

÷50 PPM/ C, 0. 75 watts

EU 301ç1 RNC 65K3 O1OFM

±100 PPM[C , 0.5 watt , initial tol . ± 1.0%

±2~ resistance change possible due to combined
environmenta l conditions

Operat ing Temperature Range

-25°F to 145~F

-32°C to 63°C (-57°C relative to 25 u\

\-4-38°C relative to 25°C/

Ri 301f2 + 1.0~ = 304 .c?.

-1.0% = 298~l

The reference vol tage will be most sensitive to quiescent current change s and
resistance changes when the resistance value of R2 is maximized. R2 will be
largest when the initial value of Hi is the largest.

(304) (1 ÷ 100 x i0 6 x 38) 305.2.~2

(304) ( 1 —  100 x ~~~ x 57) 3O2 .4~2

= 2 .8~2 over temp. range

LM 1O9K Maximum Quiescent Current Change = 1.30 ma

Nominal Quiescent Current (~ i amp Load = 4.20 ma

LM 1O9K Minimum Output Voltage = 4.70 v
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VOLTAGE

I-
With the regulator providing 4.7 volts, Hi = 304 , I~ = 4.20 mA. A
10.0 volt output will be developed when

1
R2 

= + 4.20 mA = 19.7 mA

1 0 . O v - 4 . 7 0 v = 5.30 v

5.30 vR2 — 19.7 ~~ 
— 269.6 11

The LM 1O9K will produce a -0.025 volt change in regulated output voltage in
going from 25°C to 63°C . Ri will undergo a change from 30111 to 305.2fl
over the same range. In addition the quiescent current will change from 4.2 mA
to 2.9 mA.

The output voltage will then be given by

Regulator Output = 4.70 — 0.025 = 4.67 volts .

4.67
305.2 = 15.3 mA

269.6 (1 — 50 x 10—6 x 38) = 269.0 57
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Reference Vol tage = 4.67 + (269.0) (15 .3  ma + 2 .9 ma)

= 9. 57 volts.

The output voltage of the LM 1O9K is supplied to the differe.itial amplifier Q3:

4-10 
____________— ___________ — 

‘~2 
RNC55K93 11B\-I

9.3K ± 100 PPM/°C ± 0.1% initial to!.

V
REF 

H
3 

= RWC55K 1G5 1BM

11.65K 
— 

R4 
±100 PPM/°C ±0. 1%

= 
(10) (1~~~~~~~~ 

x 10 
= 1.50 volts

E (9.3 + 1.65) 10

The worst case V J~FF change will occur when the previously determined LM1O9K
output is applied while H2 increases and R3 decreases.

9.3 x 1G~ (1 + 100 x i0 6 x 38) = 9.33K

1.65 x (1 - 100 x l0~ x 38) = 1.64K

+9.57V

9.33K 9.57 v (1.64K)
V REF 

= 

9.33K + 1.64K = 1.43 v
REF

1 .6412

~~‘RE F 
= 0.953 ~- 4 .7~ •~-2 .a~; variat ion

-11
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LM1O9K Hated Output Current ~
- 1 .5 amps

Max Hegula ted Output Voltage 5. 35 volts

H - 298 (1 — 100 x 10 ” x 57) 296. ohms
3 mm

5 35 v
18 ma for fixed regulator load resistor

9. 2 K +  1.64K = 0.95 ma for ref transistor bias

0 . 9 v  .

5$ 15.3 ma for diff amp otas

CR-4 Zener Diode Bias Calculation

1
10.3V R . = (4.7K) (0.85) = 3.9K

I 7 m m
J~R7

3.9K 
V . = 3 . 4  v , - 0.065~’- /°C

Zmmn
‘
~~~~CR-4

1 0 . 3 —  3.4
— 

3 .9K 1 . 7 6  ma

Total LM 1O9K Current 1)rain 5 (1.76 + 15.3 + 0.95 + I S )

180 ma max.

-12 
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2.4.3 Worst Case Switching Transistor Peak Current

Assume that the following conditions obtain (worst case test per MIL-STD- i28):

(1) 20% abov e High Line Voltage , High Transformer Winding , f ull load a t s tart

EDC 
= (50 x 1.2 x 1.03 x \1~ ) - 1.2 = 86 volt

(2) Source impedance of volts 0. 2 ohms

(3) Series inductor is saturated by peak current

(4) Voltage drop across PlC 627 1 volt

(5) Maximum capacitance on output

(6) Capacitors are at maximum tolerance. Capacitor ESR 0 ohms

(7) Following equivalent circuit.

O. i l 2= R

~~~~~ O.2 Q-~~~~~~~~~~~~~~ 
= (70+70)x 1 .5 = 210~~f

rDC T I

—t
E - (86-1) 8 .4 x  io~~] X E  HC = X E

19.8 A at t 0
n 4.3 - -
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Current decreases to 1 amp at t = 3 RC = 2. 5 msec

The PlC 627 is rated to withstand repetitive surges of 20 amps for 8 milli-
seconds at 25% duty cycle.

2 .4.4 Analysis of Metering Circuit Accuracy

The metering circuit and the current control circui t are switched simultaneously.

The meter is used in conjunction with series resistors in the 50 and 200 mu ll-
ampere ranges to monitor the voltage across the battery circuit sense resistance.

A shunt resistor is added for the 1000 ma meter range. Accuracy of the meter-
ing circuit is 1% of full scale plus a percentage of the indicated current, which
is a function of resistor value tolerances plus temperature effects. Maximum

“worst case” inaccuracy occurs when the sensing resistor tolerance s and shunt
resistor are at one extreme and the meter series multipliers and meter are at
the other extreme. The nominal and worst case conditi ons are tabulated for
25°C and -32°C . The ~ T from 25°C is 57°C at -32°C and only 38°C at +63°C ,
therefore the worst case occurs at —32°C. The analysis assumes that the trim-
mer resistor , 

~ H is adjusted so that the tota l multiplier resistance , R D + RE

+ RH + R \ J ,  is 32 , 850 ohms at approximately 25°C. See Table 2-1.

2.4. 4. 1 Current  Metering and Sensing Circuits

A. 50 Ma. Control and Meter Range. See Table 2-2.

‘ BATT

RD~~~

R
Rc

-1-I 



RA 10 , 00011 ± 10%. Temp. Coeff . ± 250 x 10 6/°C (RVC65Y1O3B)

RB 105.057 ± 0. 1%. T. C. ± 50 x 10
6

/°C (RNC7 OH 1O5OBM )

Rc 28. 017 ± 1. 0%. T. C. ± 30 X 10 6/°C (R ER45F 2~ R0M )

RD 16 , 90057 ± 0. 1%. T.C. ± 50 x io 6/°c (RNC55H 1692BM)

R E 13, 7005) ± 0. 1%. T. C . ÷ 50 x 10 6/°C (RNC55HI 372BM)

R M 225057 ÷ 20% . ‘F. C. + 3 9 3  x io 3/°c (0—200 ~ta meter)

H11 
5oo0~2 Variable T.C. ± 50 x 10 6 /°C (RTR22DL5O2M)

B. 200 Ma. Control and Meter Range. See Table 2-3.

1 BATT

R:~~~~~~~~~~~~~ R

44.2f l  ± 1%. T.C.  ± 30 x iO G 
/°c (R ER4 OF44 H2M)

Other values same as in 50 Ma. circuit

- IS



- -- ---- ‘-- 
__~

_, 
-- 

- -
~~

C. 700 Ma. Control 1-’ange. Meter 1000 Ma. F.S. See Table 2-4.

1 BATT

~~~~R A . R B 

__

Rc

_ _ _ _ _ _ _ _ _ _  

~~~
RM 

— —

Rs 18 , 70052 ± 0. 1%. T.C. ± 5 0  X 10 6/° C (RNC55H1872 11M)

10.252 ± 1%. T.C. ± 30 x 10 6/°C (RER45F 1OR2M)

Other values same as in 50 Ma. circuit

+1%

Probable accuracy in setting meter current is approximately -2% of indicated

current at room temperature. At -32°C current may be low by an additiona l

1% of the indicated reading , due to the temperature coefficient of the meter

winding.

At the range extremes , probable current values wh en current is set to the

indicated value should fall within the ra nge indicated:

50 Ma Range 200 Ma Rang~ 700 Ma Rangç

Indicated Actual Indicated Actual Indicated Actua l

50. 0 48 to 52 200.0 195 to 204 700 670 to 717

15. 0 14 to 16 50. 0 47 to 53 200 190 to 210

46
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2.4. 5 Anal ysis of Charging Time Variat ion

The circuit which controls the accuracy of charging time is the 383 k llz clock
oscillator formed by active devices t 7 A  and U7D and associated resistors and
capacitor R33 , 1134 , and C6. The settahility and frequency stability of this
oscillator circuit are analyzed below .

27K I2O pf

U7 -JM3 851 0/05001 BCA (Cl)40 11)
C6 CM JW4E 12 1F’PA M (Dipped Mica , 120 p J ’~
1132 RCRO5G27 3JS
1133 RNC6011750 1 FM
1134 11T1122DW502M

Cli 120 p f ~ i~ - Initial Tol. Temp Coef —20 , +100 PPM/ °C
1-132 27K 5~ , Initial Tol. l5~ ~ R ove r Life
1133 7.5K ~~ Initial Tol. ~2% z~R over Life , 100 P PM/~C
1134 5K pot 30 PPM/°C

Design Criteria for 1132 in this circuit configu ration:

1132 > 2 ( 1 133
+ 1134

) > 2  (7 .528 x 103 + 2 .663 x IO ~ > ( 10. l 9 l~ 2
m m > 20 .38K

~32 - (27 x l0~ ) (0.9 5) (0.85) 2 1 .8Kru in

1132 

V~~~ - V 10.0 4 2 .008 K
ruin 5 x 1 0

SI

_ _ _ _  _ _ _ _ _ _  ~~~~~~~•



The CMOS oscillator configuration utilized here has a negligible shift in
threshold over temperatu re . However , the threshold will vary from unit to
unit. The formula governing the period of oscillation, T is:

I V (V — VI Tn DD TUT = - RC 
~~~~~~~ v + ~ (2 V - V

DD TH DD TH

This equation is derived as follows (the diagrams show the two switching states
of the oscillator):

CASE I

+10 CASE I
+10 R TC 

= R33 + 1-134

- 

CK 

C TC C6

CASE II

CASE II

I
3
~
10 +10

RTC
C

27K TC
It

In Case I , the output of the oscillator has just gone high. The charge on the
capacitor when the output has just switched high is VT!1. The voltage at the
junct ion of and CTC is forced to V1)D + V’i’ji. This voltage starts to
decay toward zero , and is governed by the relationship

I 
j  

V i t i  (V~~ + VT1!
) e -t/ RC
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~~ 1

The input gate of the oscillator will flip when the decaying V~ is equal to VT!!.
The fi rst half of the waveform period is then found as follows:

(V + V ) e
_t h h /’IIC = vDD Til TH

-t1/ac VT!1e 
VDD + V TH

-t 1/EIC VTHm e  = J 2n V + V
DD Til

t
1 

= - tiC 
F~ 

V
DD

± V
T!! I - 

-

In Case II , the output of the osc illator has just gone low , forc ing the voltage
at V; to VTH - 

~ DD• The voltage at the other side of 1133 is now + 10 volts.
The charging circuit is now as shown below:

Ric

V TH V DD

1SC 1c

+ 

V~~~ (V TH 
- V

DD\ 
- ~~

‘DD 
- VT!1

“ SCTC 
R

TC S 
- 

s / 
-- 

s

R TC ICS will then be the voltage d rop across
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RTC I(S) = R TC 
12 V

DD - ~T I

Ri (t) (2 VDD 
- VTH

) e -t2/RC

The system will flip again as the threshold of the input gate is crossed . The
threshold (V TH) is equal to:

V TH = VDD 
- 111(t )

Ri (t) = VDD 
- VTH

(2 VDD 
- VTH) e t2//’RC = VDD 

- VTH

e 
-t2/RC = 2 V DD~~~

VTH

[ (VDD - VTH)
t
2 

= RC 
(2 VDD 

- VTH
)

V (V - V
T = t1 

+ t
2 = - RC in VDD 

+ VTH 
÷ n 2 V

DD 
- VTH

T - = 2.682 x icr 6
nominal 227

The minimum threshold generated at -55°C for the CMOS gates is 2.9 volts ,
and the maximum is 7. 1 volts. This yields a factor of K:

VTH (V
DD 

- VTH
)

K = ~~~ VDD 
+ VTH 

+ in (2 VDD 
- VTH )
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K 2 9  
= 2.37 1 -= K

7 1

K = 2.197
0.5 v

• Having selected C6 = 120 pf nominal , calculate the tuning range of the circuit:

T = Oscillat ion Period = 2.682 x io 6 
± 5% sec

T = 2. 816 x 10
6

max

T - 2 .547 x 10 6
mm

C6 120 x io~~
2 ±1% Initial Tol. —20 , +100 PPM/°C

A mbient 120 (0.99) = 118.Spf

120 (1.01) = 121.2 pf

118.8 (1 - 20 x icr6 x 38) = 118.70 p1

118.8 (1 + 100 x io 6 x 38) = 119.25 p1
+63°C

121.2 (1 + 100 x iO 6 x 38) = 121.66 pf

121.2 (1 - 20 x icr6 x 38) = 121.10 pf

118.8 (1 -20 x 10 6 x 57) = 118.66 p1

118.8(1 + 100 ~ io — 6 x 57) = 119.47 p1
—32°C

121.2 (1 + 100 x icr6 x 57) = 121.89 pf

121.2 (1 - 20 x 10-6 x 57) = 121.06 pf 
—

Determine trimming range for C6 at ambient , 2.9 Vmax TH

T = KRC = (2.371) (R) (121.2 x 10 
12 ) = 2.682 x io

6

R 
2.682 x10 6 

= 9.333K
121.2 x 10 x 2.371
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Determine trimming range for C6 at ambient , V = 2.9 volts:
mm Ti!

R 
2.682 x 10 6 

= 9. 521K
118.8 x 10 x 2.37 1

Determine trimming range for C6 at ambient , V = 5 volts:
nom Ti!

11 = 
2.682 x ~o

_ 6 
= 10.172K

120 x 10 x 2.197

The selected values of C6 , R33 , and R34 enable the circuit to be tuned to the
exact frequency for all values of C6 and thresholds running from 2. 9 to
7. 1 volts. It remains to be determined what the frequency will be at the
temperature extremes. Since K is constant over temperature, the variation
in frequency will be determined by the component value changes.

Given an initially high valued C6 at ambient and a V,~~ of 2.9 volts , dete rmine
the pot setting:

R = 9.333K

R33 = 7.5K ± 1.0% , Assume Higher Value

= (7 .5K) (1.00) 7.575K

1134 = 9.333K - 7.575K = 1.758K

R33 = (7 .575K) (1 + 100 ~ io 6 
x 57) = 7.618K

— 32°C 
(7.575K) (1 - 100 x io 6 

x 57) = 7.531K

R = (7.575K) (1 + lOO x 10 6 x 38) = 7. 603K
63°C -6

(7.575K) ( 1 -  100 x 10 x 38) = 7.546K

R34 = (1.758K) (1 + 30 x io x 57) = 1.76 1K

(1. 758K) (1 — 30x 10 x 57) = 1.754K

R34 = (1.758K) (1 + 30 x io 6 x 38) = 1.760K
63°C -6

(1.758K ) (1 — 30 x 10 x 38’ = 1.755K
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Calculate T 320C 
—

T 32c = (121.1 x 10
12

) (7. 531K + 1.755K) (2.371)

T 320c = 2.665 x io 6

• - -6Allowed T 320~ 
minimum per spec = 2.547 x 10

Given the same initial valued components, determine T+630~~
:

T+63o~ 
= ( 12 1.7x 1o~~

2
) (7.603K + 1.760K) (2.371)

= 2 .700 x 10 6

±5% T per Spec = 2. 816 x 10 6

The above calculations indicate that the worst case variations of the capacitor —

C6 when selected for maximum in~~ial value satisfy the spec. requirements.

The same calculations will be perform ed for a low valued C6:

T 32~~ = (118. 7 ~ io
_ 6

) (R) (2.371)

2.682 x io
_ 6 

= R (118.8 x io
_ 12

) (2 .371)

R = 2.682 x io~~ = 9.521K
(118. 8 x  10 ’2) (2.37 1)

= 9. 521K — 7.575K = 1.946K

R 
= (1.946K) (1 + 30 x io 6 x 57) = 1.949K

34-32°c (1.946K) (1 — 30 x icr 6 x 57) = 1.942K
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= (1.946K) (1 + 30 ~ io 6 x 38) = 1.948K
+63°C -6

(1.946K) (1 - 30 x 10 x 38) = 1.943K

T 32oc = (118.7 x 10
12

) (7. 531 x ~~~~ x 1.942K) (2.371)

(2 . 665 ~

T 63,c = (121.7 ~ lo
_ 12

) (7.603K x 1.948) (2.371)

= 2.755 x 10 6

Allowable T ax per Spec = 2.816 x iø 6 
- 

-

A gain , the temperature variations are well within spec.

Worst case calculated T range:

2.665 x io 6 
@ -32°F = -0.6% Relative to Amb.

2.755 x io 6 @ +63°F = +2.64% Relative to Amb .

1
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SECTION 3

TEST AND DEMONSTRATION SUMMARY

3. 1 PERFORMANCE TESTS

The performance test procedure was designed to provide comprehensive
measurements of all of the specified performance ch aracteristics of the Battery
Charger. Tests were established to check the extremes and an intermediate
point on each current range under short circuit , full compliance voltage, and an
intermediate voltage. Tests were included at nominal , high , and low line volt-
age for both 115 volt and 230 volt line conditions. In this way , all of the speci-
fied variables except temperature were injected into the performance test.

3. 1. 1 Current Regulation

The battery charger is required to regulate output current to a tolerance of +5%,
— 10% for all current settings under combined variables of input volt age and
frequency , temperature, and Load conditions covering short circui t up to the
highest range of battery emf.

The reference conditi on for the +5% , —10% variation however was not specified .
RCA chose as the logical reference condition the current into a short circuit at
a nominal line voltage of 115 volts , 60 Hz and room temperature.

The specifi cation dictated a meter having accuracy of -‘-1% of full scale and a
current adjustment settabifity of 5%. Test procedures and limits were set up
based upon these specifi cati ons, one set of limits for initial setting and increased
limits applicable to any combination of other condition s. These are shown in
Table 3— 1. The RCA test limits are tighter than the maximum limits of the
spec.

Although the total allowable tolerances are considerably greater than +5 , — 1 0% ,
review of 8400 current measurements mad e in pre— and post— burn—in tests on
all fourteen (14) units disclosed only one current reading below — 10% , 13. 4 mA
versus 13. 5 mA , relative to the set value of 15 mA. The highest positive per—
centage error was +5% , 52. 5 mA versus the preset value of 50 mA.
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Data taken with 50 Hz input and at temperature extremes during fi rst article
test differed little from the 60 Hz room temperature data and was also within
the ÷5% , —10% brackets.

3. 1. 2 Memory and Timing Circuit

The accuracy of the timing circui t was measured over a six minute period on
each unit. The specified accuracy is ±5%. All room temperature data was
within less than 2% and data at temperature extremes was within the 5% limits.

During the low temperature test , the memory circuit failed to operate because
of low voltage from the memory battery. As result , the 9 V carbon zinc type
BB9O battery was changed to an alkaline unit , type BB 3090 and the test was
repeated successfully.

3. 1. 3 Maintainability and Human Engineeriflg

During the maintainability demonstration , it became apparent that the timing
circuit plug-In module could not be removed without use of a tool so the module
retaining plate was used as the tool. This was considered to be a shortcoming
and RCA agreed to modify the design to alleviate the problem for future units.

3. 1. 4 Reli ability

The reliabil ity demonstration revealed one workmanship problem . The hardware
on one of the current adjustment potentiometers was not ti ghtened properly
allowing the entire potentiometer to rot ate. No significant failures occurred .

3. 2 ENVIRON MENTAL TESTS

As part of its Qualificati on Test requirement , the Battery Charger was sub-
jected to the environmental tests discussed in this paragraph. The unit success—
fully passed all these tests except for contingencies in the case of the vibration
and salt fog tests.

The battery charger , per se , incurred no damage in the vibration test , but the
cushioning material in the transit case became permanently compression—set.
Different cushioning mat er ial is being obtained and a retest will be conducted .

In the case of the salt fog test , several areas of corrosion were observed .
They are due predominantly to either process or quality control problems and
the test is considered passed subject to the corrective action s stated in para-
graph 3. 2. 10 lx~l~ x.
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Table 3-2 lists the environmental tests performed on Engineering Development
Models , CL~N 0003 , Model Numbers 1 and 2. These units successfully passed
Conformance and Burn—in Tests prior to submission to Environmental Tests.
The sequence of tests is as outlined in Table 3—2.

Table 3—2. Environmental Tests

Design
Requirement Environmental Test Requirement

EL—CP2 128—000 1A EL—CP2128—0001 A
Specification Unit Model Specification Test
Paragraph Identification Paragraph Parameter

3. 12.12 No. 1, 2 Section F. 10(d) Burn—in
o f S , O.W.

3. 11. 1 No. 1 4. 6, 1 Altitude

3. 11.2 a No. 1 4.6. 2.2 Low
Temperature

3. 11.2 b  No. 1 4. 6. 2.1 High
Temperature

3. 11.3 No. 1 4.6. 3 Humidity

3. 11. 7 No. 1 4. 6. 7 Salt Fog

3. 11. 4 No. 2 4. 6. 4 Dust

3. 11. 8 No. 2 4. 6. 8 Immersion

3. 11.6 No. 2 4. 6. 6. 1 Vibration

3. 11. 6 No. 2 4. 6. 6. 2 Shock

3. 11. 8 No. 2 4. 6. 8 Immersion

3. 11. 5 No. 2 4. 6. 5 Fungus
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3. 2. 1 Altitude Test

The altitude test was conducted in accordance with Method 500 , Procedure 1,
of M1 L— STD—810B. The equipment was subjected to a simulated altitude of
40 , 000 feet above sea level for one hour in its transit—storage , non — operating,
mode. The chamber pressure was then increased to simulate an altitude of
10 ,000 feet and an operat i onal test performed. The unit operated satisfactorily
during and at the conclusion of the test.

3. 2. 2 High Temperature Test

The High Temperature Test was conducted in accordance with Method 501 ,
Procedure II , of MIL—STD—8 10B. The unit was instrumented with termocouples
and subjected to storage temperature cycling between 120° F and 160° F for
36 hours. After the storage cycling phase , the item temperature was stabi lized
at 145° F and an operat ional test performed. The unit operated satisfactorily
during and at the conclusion of the test.

3. 2 . 3 Low Temperature Test

The low temperature test was conducted in accordance with Method 502 ,
Procedure I , MIL—STD--810B. The unit was instrumented with thermocouples.
The unit was then subjected to a storage temperature of —70° F for a period of
two hours following stabilization . The chamber temperature was then increased
to —25° F and an operational test performed. During this test , after a storage
period at —70° F followed by stabilization at —25° F , the memory circuit did not
function . Investigation revealed the memory battery voltage to be only 3 volts
as a result of this cold temperature. All other test parameters were satis-
factory. The unit was retested using an alkaline battery in place of the zinc—
carbon battery and the memory circuit functioned properly. The drawings have
been changed to require , and all units were shipp ed with , an alkaline
battery.

3. 2. 4 Sand and Dust Test

• The sand and dust test was conduct ed in accord ance with Method 510 , Proce-
dure I , of MIL— STD— 810B. The unit was subjected to an air velocity of 1750
feet per minute with a dust concentration of 0. 3 gms per cubic foot for six
hours while at a temperature of 73° F. With the dust feed stopped , the tem-
perature was in creased to 145° F and the humidity held at less than 10 percent
for 16 hours. The temperature was maintained at 145° F and the dust feed
started and maintained as before for six hours. A vis ual inspection for
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mechanical degradation and an operational test were performed at the conclu-
sion of the test. There was no deterioration of any kind and the battery charger
operated satisfactorily at the conclusion of the test .

3. 2. 5 Humidity Test

The humidity test was conducted in accordance with Method 507 , Procedure II ,
of MIL-STD—810B. The equipment was subjected to a 24 hour d rying cycle , a
24 hour conditioning cycle and five continuous 48—hour cycles. Afte r comple-
tion of the five 48—hour cycles , the unit was conditioned at 73° F and 50% R. H.
for 24 hours and then operat ionally test.

During thi s test one charging channel failed. The test was continued , however ,
and the remaining channels operated satisfactorily . Investigation at the con-
clusion of the test revealed the charging channel fai lure to be caused by a
defective part (a fracture of the welded junction of the cathode lead of the
A15—CR4 isolation diode) .

A visual inspection at the conclusion of the test revealed areas of corrosion on
the Battery Charger. The areas noted , and the recommended action for the
corrosion and the defective part , and detailed in the paragraph below.

(1) Evidence of corrosion on power connector.

The power connector was corroded badly but functioned properly .
This is a MIL connector specified for use by ECOM. The
vendor has been contacted to determine whether or not the parts used
were defecti ve.

Corrective Action:

Ve rif y that the part was defective . If not , ask for a new specifi cat i on
from ECOM.

(2) Evidence of corrosion at cover/chassis interface.

Very minor corrosion was observed at the chassis/cover interface.
It was due to local abrasion of the in d i te  finish caused by repeated
installation and removal of the cover of the EDM.

Corrective Action:

Since the corrosion was not considered to be of a significant amount ,
no action is planned.
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(3) Evidence of rust on the power transformer.

There were small areas of rust observed on the transformer flange
and housing . This transformer is specified to pass all tests to MIL-
T-27 which includes immersion and moisture resiscance per MIL-
STD-202 . MIL-T-27 allows for up to 10% peeling or cracking of
paint and/or corrosion if operation is not affected. The transformer
met this requirement.

Corrective Action:

Since the transformer met its requirements , this is not considered a
failure and no action is planned.

(4) The terminal board was warped.

The terminal board absorbed moisture and warped. Its performance
was unaffected .

Corrective Action:

An ECP has been proposed which would eliminate this board from
future designs. The terminal board drawing SM-C—88931 has been
ECN ’d to require conformal coating with a UR coating per MIL- I-
46058 in the event the ECP is not approved . This i s not a functional
fai lure • but conformal coating is required if the board is retained.

(5) l ocal point bli sters on the back_ of the chassi s.

These bli sters occurred on ly at location s that has been riveted and
bra zed. It is believed that micro—cracks in the rivets , following
grinding, en trapped corrosive brazing salts causing poor finish
adhesion. -

Corrective Action:

The vendo r has been contacted and agrees more care is required
during cleaning of this area or impregnating per MIL—STD—276 prior
to finishing is required. Process control must be enforced .
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(6) Corrosion on interlock switch.

Corrosion was observed on the roller and spring of the interlock switch.
The switch was procured to MIb-S—8805 and is presumed to be a defec-
tive part.

Corrective Action:

The vendor will be contacted to determine compliance to MIL-S—8805.

Since none of these conditions affected performance , the Battery charger is
qualified t~ the humidity environment . However , corrective action , as out-
lined above , will be taken.

3. 2. 6 Leakage (Immersion) Test

The leakage test was conducted in accordance with Method 512 , Procedure I ,
of MIL- STD—810B. The test was performed prior to , and following, shock and
vibration testing. The test item , in its transport mode, was immersed in water
to a depth of 36 inches for 120 minutes. A visual inspection for any evidence of
leakage and an operational test were performed at the conclusion of the test.
There was no leakage during either test and the unit operated satisfactorily.

3. 2. 7 Vibrati on Test

The vibration test consisted of two parts as follows:

PAR T I (Use environment) .

The equipment , in its transit case , was subjected to Method 514. 2 , Pro-
cedure XI , Part 2 , of MIL— STD--810C. The test item was vibrated on a
package tester , operated at 1—inch DA and 284 rpm , for a total of three
hours. At the end of each 1/2—hour period , the test item was turned to
rest on a different face . An operational test was performed at the con—
elusion of this test.

PART il (Transportation) .

This te~’t was conducted in accordance with EL—CP2 12 8—00 01 , Para.
4. 6. 6. la. The test item , in its transport mode, was instrumented with
miniature accelerometers. The unit then was rigi d ly attached to a test
fixture. The test item was vibrated along each of its three mutually per-
pendicular axes in accordance with the following:
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(1) Test Level: 1. 5 g
(2) Frequency range: 5 to 200 Hz
(3) Time schedule: 84 minutes per axis
(4) Sweep rate: 5 to 200 to 5 Hz in 12 minutes

• 
A vi sual inspection and an operational test were performed at the conclusion
of this test . The Battery Charger successfully passed this test. There was
no damage of any kind to the Battery Charger and it operated satisfactorily at
the conclusion of the test.

During the Vibrati on Part I , the cushioning material (Etha Foam) used in the
transit case became permanently compression-set allowing the battery charger
to move within the cushion . Although there was no damage to the battery
charger , this cushioning material is considered unsuitable for this use.
Different cushioning material is being obtained and a retest will be conducted.

3. 2. 8 Shock Test

The shock test was conducted in accordance with Method 516. 2 , Procedure V ,
of MIL—STD—8 10C. The unit , in its typical service mode, was placed on each
face on which i t could be placed practicably during servicing. Each edge was
raised four inches and the unit was allowed to drop freely back to the bench
top. The test was performed without incident and the unit operated satisfac-
torily at the conclusion of the test .

3. 2.9 Fungus

The fungus test was conducted in accordance with Method 508 , Procedure I , of

~.fl L— STD—810B. The test item was opened during test exposure and all internal
and external surfaces were sprayed with spore suspension. The test was con-
tinued for a period of 28 days. A visual inspection was performed at the con—
elusion of thi s test , and there was no evidence of any fungus growth.

3. 2. 10 Salt Fog Test

The salt fog test was conducted in accordance with Method 509 , Procedure I ,
of MI [,-STD—810B. The test item was placed in a salt fog chamber and exposed
to a 5 percent salt solution salt fog at a temperature of 950 F for 48 hours. A
visual inspecti on was performed at the conclusion of the salt fog test.

The failure criteria for salt fog are defined in specifi cation EL- CP2 128—000IA
paragraph 4 as follows : “. . . corrosion of finishes and metals only. Such
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corrosion shall be defined as any vis ible  degr adation of the equipment surface
that can be attributed to flaky , pitted , bli stered , or otherwise loosened finish
or metal surface”. By this definition there were several fai lures during the
test .

It should be noted that this test was run on the same unit that had been subjected
to the humidity test. These failures and the subsequent corrective action are
detai led in the paragraphs below :

(1) Evidence of rust and corrosion on input voltage switch.

This switch is an MS part which is specified to meet the requirement
of MI L-.S—3950 which includes salt fog test requirements.

Corrective Action:

Verif y with vendor that part complies with MIL— S—3950.

(2) Evidence of rust on battery holder positive contact locking screw.

These screws are made from 303 S. S with a type II passivate finish
per QQ—P—35. The only area where rust was noted was on the knurled
surface of the thumbscrew. It is believed the knurling tool used during
fabrication had embedded impurities and transferred these to the
knurled surface of the screw.

Corrective Action:

Notify vendor and verify process quality control.

(3) Corrosion on power connector has accelerated.

Corrective Action:

See item (1) of paragraph 3. 2. 5.

(4) Evidence of corrosion at cover/chassis interface.

There was no change in appearance from that at the conclusion of the
humidity test. —

Corrective Action:

No action is proposed . - -
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(5) Evidence of rust on the power transformer.

Corrective Action:

See item (3) of paragraph 3. 2. 5.

(6) Warpage of terminal board has increased.

Corrective Action:

See item (4) of paragraph 3. 2 , 5.

(7) Local paint blisters on the back of the chassis.

Corrective Action:

See item (5) of paragraph 3. 2. 5.

(8) Corrosion on in terlock switch.

There was no change in appearance from that at the time of the con—
elusion of the humidity test.

Corrective Action:

See item (6) of paragraph 3.2.5.

(9) Corrosion products on ban ana plug receptacles.

There were green corrosion products on banana plug receptacles.
This was minor, and was bel ieved to be caused by local wearing of
the nicke l plating caused by insertion of banana plugs into the jacks
during troubleshooting. These parts are supplied to MI L— P—55149/ 1.

Corrective Acti Jn:

Since the amount of corrosion was not considered significant , no action
is planned.



- 
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(10) Evidence of rust on battery holder spring.

Battery holder positive contact pressure plate spring had rust on one
end. This cadmium plated music wire spring has ~ screw passing
through its I. D. The screw threads created wear on the plating
resulting in the corrosion .

Corrective Action:

The spring material will be changed to type 302 stainless steel with a
passivate finish.

(11) Evidence of corrosion on left rear nut plate.

Thi s was the on ly nut plate in the entire chassis showing corrosion
products. These nut plates are specified as stainless steel having a
molybdenum disulfide coating.

Corrective Acti on:

Since this was obviously a defective part , no action is planned.

(12) Marking ink smear.

The ink used to mark the part number on the chassis became smeared.
This is a vendor quality control problem.

Cor rective Action:

Inform vendor to use correct ink.

(13) Evidence of corrosion at card basket interface.

There was evidence of corrosion on the P. C. Board card basket under
screws and at joints . Thi s was minor and was caused by local wearing
of the in dite due to repeated removal of the card basket of this
engineering model.

Correétive Action :

Since the corrosi on was not considered signifi cant , no action is
planned.
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SECTION 4

CONC LUSIONS AND RECOMMENDATIONS

4. 1 CONC LUSIONS

4. 1. 1 Performance Character istics

The battery charger met or exceeded all of its required performanc e charac-
teristics and had adequate design margin to withsta nd overvoltage to 20% above
high line vol tage and any undervoltage condition without damage.

- 
- 

4.1.2 Environmenta l Resis tance

Minor corrosion problems encountered in humidity and salt fog were largely
a ttributable to f a i l u r e  of pa r ts to meet the ir specified environmenta l resistance.
No functiona l failure resulted.

The foa m inser t in the transit chest was inadequate for its intend ed purpose ,
exhibiting permanent deformation after the bounc e tests. A new materia l was
therefore selected for the insert and the tests were rerun.

The low temperature failure of the Leclanche type memory battery was cor—
rected by substitution of an a lkaline battery , which was incorporated into the
design for all units.

4. 1.3 Electro-Magpetic Interferenc e

The Elect ro—Magnetic interference (EMI) tests were passed satisfactorily ,
so the conclusion was that additiona l screening and shielding were not required,
The dished area (which allows screens to be placed under the louvres) can be
eliminated and the cover can be used to reta in the modules , allowi ng elimina—
tion of the module retainer plate.

Ii
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4.2 RECOMMENDATI ONS

The following changes should be implemented in any fu ture production of the
ba ttery charger.

(1) Eliminate resistor terminal boa rd on back of panel and includ e thos e
parts on either the power supp ly module or the timing module. This
will reduce cost and eliminate the board warping problem noted in
Section 3.2.

(2) Replace the .~pecified swi tch per MIL-S—2 1604 with a more reliable
switch with a more appropriate circuit configuration (double pole , six
throw) . Failure rate at assembly of the specified awitches was approx-
imately 50% . Switch connections were also unduly complex becaus e of
the switch contact configuration .

(3) Change the Memory Battery Test Switch , a momentary toggle switch
MS2102 7—K28 1 , to a simpler , less expensive pushbutton type switch
M8805/72—005 , the same as the Start Time Switch. A circuit chang e
incorpora ted at integration of the first unit permits this substitution .

(4) Change the etch pattern on the power supply module to interconnect
both back and front mounting pads for Ui and eliminate ~ terminal
and jumper.

(5) Add test points on the Timing Circuit Module for U2— 12 and U2— 15 to
facilitate module test and troubleshooting.

(6) Eli minate dished area around louvres on both sides of cover so cover
will act as module retainer.

(7) Elimina te module retainer plate.

(8) Modify module basket and /or Timer Circuit Module stiffener des;~,n to
make possible the manua l removal of the Timing Circuit Module
without use of tools .

(9) Reverse the position and marking of red and black binding posts on the
panel so tha t the red positive termina l is on the right and the black
nega tive termina l is on the left , the conventiona l location. Relocate
+ and - panel markings outs ide of terminals for better legibility.
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(10) Chang e the positive battery hold er contact pressure spring from
cadmium plated steel to 302 stainless to eliminate corrosion.

(11) Increase the thickness of the mounting flange on the power transformer
so the reinforcing washers under the mounting hardware can be
eliminated.

7 •1
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